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Abstract
Here we describea surprising link betweenthe weak-
interactionandneutrinophysicsdeepwithin the Gamma-
RayBurst(GRB)centralengineandtheaccelerationof the
fireballwhichproducesthe � -rays.In particular, wediscuss
how thebaryonloadingproblemin GRB fireballsdepends
on whetherthebaryonsareneutronsor protons.It is found
that a largeneutronexcesscanresultin a reducedtransfer
of energy from relativistic particlesto baryonsin the fire-
ball. In turn, this implies that the final Lorentz factor of
the fireball can be increasedsignificantly for a given ini-
tial energy input. This raisesthe possibility that observed
electromagneticor neutrinosignaturescouldgivekey clues
into theweak-interactionhistoryof fireballswhich, in turn,
couldgiveuniqueinsightsinto thenatureof GRBs.

Introduction
In this posterwe show how the baryon loading problem
canbealleviatedin certaingamma-rayburst(GRB)models
whensignificantnumbersof baryonsareconvertedto neu-
tronsandhow a simplemechanismcangive rise to a sub-
stantialdispersionin theGRBprotoncomponent.Wehigh-
light our work in Refs. [1, 2] (copiesshouldbe available
below). Thebaryondynamicsdescribedherecanhave sig-
nificantconsequencesfor neutrinoandphotonsignalsfrom
GRBs[3].

Interestingly, many of theproposedGRB“centralengines”
involve compactobjectswhich arethemselveshighly neu-
tronized, or which are accompaniedby intenseneutrino
fluxes. Weakinteractionsinducedby theseneutrinofluxes
canresultin significantproton-to-neutronconversion,espe-
cially if resonantneutrinoflavor transformationtakesplace
[4, 5, 6].
Inferencesof the energeticsand spectralobservations of
GRBs imply (i) total energies in gamma-raysapproach-
ing ����� 	 ergs for the mostenergetic events(in the absence
of beaming),and(ii) large Lorentz factorsof the progen-
itor fireball ( ��
���� 	 ) (for a recentreview, seeRef. [7]).
Excessive baryonpollution of thefireball precludesattain-
ment of thesefeaturesfor many GRB models. This is
a consequenceof the conversion of radiation energy in
the electron/positron/photon fireball to kinetic energy in
baryons[8]. However, the relatively small crosssections
characterizingthe interactionsof neutronswith the elec-
tron/positron/photon plasmamay afford a solution to this
problem.

A Simplistic Picture
This potentialsolution to baryonloading can be seenby
consideringthe fictitious limit of completelynoninteract-
ing neutrons.Imaginethatprotonsinertially tetheranelec-
tron/positron/photon fireball via photonThomsondragon�� , which in turn influencesprotonsthroughCoulombin-
teractions.If theseprotonsweresuddenlyconvertedto non-
interacting“neutrons”,thenthe fireball would expandrel-
ativistically, leaving behindthebaryoniccomponent.Real
neutronscanapproximatethis limit asthey interactwith the
electron/positron/photonplasmaonly via theneutronmag-
neticdipolemoment.Thesecrosssectionsaresmall com-
paredto the Thomsoncrosssection ��� : neutron-electron
(positron)scatteringhas������
�������� ��� ; andneutron-photon
scatteringhas � ��� 
�������� ��� � .
However, thereallimit on theefficacy of thismechanismis
thestronginteractionneutron-protonscatteringwhich will
dominatethe energy transferprocesswhen conversionof
neutronsto protonsis incomplete. Therefore,the degree
to which the baryon loading burdencan be lifted in our
proposedmechanismwill dependon theneutronexcessin
thefireball environment.Herewewill measuretheneutron
contentof the plasmain termsof the electronfraction  � ,
the net numberof electrons( !"� #%$�!"� & ) per baryon,or in
termsof theneutron-to-protonratio  ��('��*)�+ ,�)�-/.0��1 .

FIG. 1: TheDynamicFireballNeutronDistribution
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Theneutrondistribution function 4*5 �7698 (normalizedsothat :;4�<95 �=698?> � ) at several

time slices.Thedifferenttime slicescorrespondto a plasma�=6 of 1, 1.5,2, 2.5,3, as

measuredin a framecomoving with theplasmanearthedecouplingpoint.

Neutron Decoupling
To go beyondthesimplisticpictureof non-interactingneu-
trons,we canconsidera two-component((i) neutrons,and
(ii) protons/ � /photons)plasmain thecontext of ahomoge-
neousfireball with initial radius,temperature,Lorentzfac-
tor, andelectronfraction, @BA�C9D"A=C9�EA &  "� A , respectively. Nu-
mericalandanalyticwork haveshown thefollowing simple
scalinglaws for suchaconfiguration[8]:FEG�H @JILK"+ @ A )�� A 1�MONP Q �R'0� A + @/)S@ A 1D0'0D"AT+ @BA�)E@U1 CFEG�H @JVLK"+ @ A )�� A 1�MW�X'0K"Y (1)

Neutron Coupling Interactions
Theforcethatdragstheneutronsalongwith theexpanding
plasmaarisesprinciapallyfrom n-p collisions.Therelative
contribution to the total force on the neutronsfrom colli-
sionswith electronsandpositronsis roughly Z([ � � )EZ\[ ��] 
^ � ! � ��[ � ) ^ ] ! ] ��[ ]%_ ������� A + `�)S � 1 andis small for thecon-
ditions we consider( ` is the entropy-per-baryon). The
neutron-photoncross section is small enough( � [ � �a
�����b	 c=d ef�?)�+��Ugih7jB1 k �(l�mn� where ef� is thephotonenergy in
theneutronrestframe)thatn-� interactionsarenegligible.
If we denoteby o ���p q r r the frequency of neutron/protoncol-
lisions (per neutron),we expect that the two components
of the plasmawill achieve a relative velocity given bys�t u rbvJw o p q r r )�o?x�y � ( o�x�y � is thedynamicaltimescale;zB'J� ). It
is clearthenthatwhen o x�y �|{�o p q r r theneutronsarecoupled
to the restof the plasma. However, decouplingoccursas
thesetwo timescalesbecomecomparable.Sincethebaryon
numberdensityin the plasmaframedecreasesas  �E	 } ~ � � � � ,
decouplingwill occurquickly, i.e. on a timescaleshorter
than o x�y � .
Alleviation of Baryon Loading
Once the neutronsdecouplethey will have an energy�bx u p +��U$� � 1�� . The ratio of kinetic energy in neutronsto
thetotalenergy in thefireball is then� [ v +��|$� ���1  } � � � ~ � � � �K v ��Y ��+ ��$� "� 1|�  "� � � A�o �bc`*���� � ~ 	 Y (2)

(Here“total” energy includesboththethermal � )�� energy
and the bulk kinetic energy of baryons. And, ��x u p is the
decouplingtime; ` � is the entropy-per-baryonin units of����� ; � � A is the neutron-protoncross-sectionin units of 10
fm; o ��c�� o x�y �7)b��� ��c sec.)
Energy conservation gives the final Lorentz factor of the
protons � v K � �|$ � [ � � Y (3)

For example,if ` � '��bY �bC9D"Ai' w gih7j (correspondingtoK v ����� ), and  � A '��bY � w , thenthe final Lorentzfactorof
theplasmaafterneutrondecoupling(Eqs.(2), (3)) wouldbe� v ������� , which is 15 timeslarger thanthestandardcase
of ��'�K . As anotherexample,considertheRef.[9] values
of o ��c ' w�� and  ��%'��bY � andsupposethat D"A%'a����gih7j
and ` � ' w Y � (correspondingto KX' w ����� ). In this casewe
find ��'���Y �����?� � , an increaseby a factorof 5.7. Clearly,
theimportanceof thiseffectdependsonhow low  �� canbe.

Neutron Abundance & the Weak Interaction
Many proposedGRBcentralenginesinvolveneutrinoheat-
ing or aresitedin environmentssubjectto intenseneutrino
fluxes. Generaldiscussionsof the relation betweenneu-
trino processesandthedynamicsof outflow maybefound
in Refs. [9, 10, 11, 12]. However, the detailsof neutron
decouplingareinsensitive to how  � is setandwe arenot
arguingfor aspecificGRBsite.
The processeswhich have a significanteffect on  � in the
fireballenvironmentareleptoncapture/decayinvolving free
nucleonsandinelastic,b,R� ,b-b¡ scattering(chargedpion-
nucleonbremsstrahlung),¢ � .£,¥¤¦§-/.£h � (4)¨¢ ��.£- ¤¦§,/.£h�© (5),¥�§-/.  � . ¨¢ � (6),/.£,¥�§,/.£-/.�¡ � Y (7)

In general, � is setby thecompetitionbetweentheabove
processes[4].
In environmentswhereneutrinoheatingis important the
forward reactions(4) and (5) candominatein settingthe
electronfraction [4]. Consideringthe neutrinoluminosity
from collapsingstellarstructures,onecanshow in general,
low  �� is likely [1], and is consistentwith the findings in
Ref. [9] in which a hard

¨¢ � spectrumfrom a collapsing
neutronstar leadsto an electronfraction in the fireball of � 
��bY � .
Proton Dispersion

FIG. 2: Evolutionof LorentzFactor

Evolution of proton Lorentz factor in a steadystaterelativistic wind, for different

casesof electronfraction, ª7« . The dot dashedis for whenall baryonsareassumed

coupledto the plasma;the dashedline is for the casewhenneutronsaredescribed

by a distribution function and are allowed to decouplewhile protonsare assumed

“frozen” into theplasma;andthesolid line thecasewhenneutronsandprotonsboth

allowedto decouple.

A large dispersionin proton velocitiescan arise in GRB
fireballsin whichneutrondecouplingoccurs.Simplephys-
ical argumentsandtransportcalculationsindicatethat the
dispersionin Lorentz factor of the protonscan be of or-
der the final meanLorentz factor of the fireball. Hence,
this may provide the dispersionin proton Lorentz fac-
tors neededto give rise to the observed � -ray emission,
without recourseto multiple fireballs from the centralen-
gine [2]. Theremay be interestingconsequencesfor the
electromagneticand neutrino signatureof GRBs as well
[3]. Future large volume high-energy neutrinodetectors
(AMANDA/ICECUBE) will be ableto provide neutrino
dataonGRBs[13].
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